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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a solid 
electrolyte film capable of stably securing an ion 
conducting channel and showing excellent ion 
conductivity even if an inexpensive polymer is used, by 
further precisely controlling disposition of an ion 
conducting portion in the film. 

SOLUTION: This ion conducting film has the following 
features. (1) This film is composed of a polymer segment 
(A) having an ion conductive component and a polymer 
segment (B) having no ion conductive component. (2) 
The specific volume of A to B is 30/70-40/60. (3) A and 
B form a microphase separation structure in the film. (4) 
The channel comprising A is disposed so that it passes 
through the film. 




♦ NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1](1) It is a film which consists of a polymer segment (A) which has an ion-conductive 
ingredient and a polymer segment (B) which does not have an ion-conductive ingredient (2) An 
ion conduction film which carries out the feature of that volume ratios of A and B are 30 / 70 - 
40/60, that A and B form micro phase separation structure in (3) this films, and being made to 
arrange so that a channel which consists of (4) A may penetrate a film. 

[Claim 2]The ion conduction film according to claim 1 being the block copolymer in which A and 
B are carrying out the covalent bond. 

[Claim 3]this block copolymer (C) — and — this — it being a film which consists of a mixture of 
homopolymer A' which consists of the same monomer component as A, and, The ion conduction 
film according to claim 2 making arrange so that a channel which ratios of the sum of volume of 
A and A' to volume of B are 30 / 70 - 40/60, and A and B form micro phase separation 
structure in this film, and consists of A may penetrate a film. 

[Claim 4]The ion conduction film according to claim 3, wherein a degree of polymerization of this 
homopolymer A' does not exceed a degree of polymerization of A blocks in this block copolymer 

(C). 

[Claim 5]The ion conduction film according to claim 2 to 4 which this block copolymer (C) is poly 
(styrene (ethylene-propylene)-styrene) triblock copolymer, and is characterized by sulfonating 
more than 30 mol % of a styrene unit 

[Claim 6]Block copolymer which comes to sulfonate more than 30 mol % of a styrene unit of poly 
(styrene (ethylene-propylene)-styrene) triblock copolymer, The ion conduction film according to 
claim 3 to 5 which consists of a blend of polystyrene in which more than 30 mol % of a styrene 
unit was sulfonated. 

[Claim 7]The ion conduction film according to claim 1 to 6 which is a solvent alternative to a 
polymer segment which has an ion-conductive ingredient and is characterized by carrying out 
the cast from a solvent in which the boiling point contains a not less than 80 ** solvent as an 
ingredient 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the solid-electrolyte membrane used suitably for 

especially a fuel cell about a solid-electrolyte membrane. 

[0002] 

[Description of the Prior Art]A fuel cell comprises a solid-electrolyte membrane fundamentally 
pinched by two catalyzer electrodes and electrodes. Hydrogen which is fuel is ionized by one 
electrode, and after this hydrogen ion diffuses the inside of a solid-electrolyte membrane, it is 
combined with oxygen by the electrode of another side. If two electrodes are connected in the 
external circuit at this time, current will flow and electric power will be supplied to an external 
circuit. A solid-electrolyte membrane is bearing here the function which isolates hydrogen and 
oxygen of fuel gas physically, and intercepts electron flow at the same time it diffuses a 
hydrogen ion. 

[0003]As such a solid-electrolyte membrane, a perfluoro sulfonic acid film like the Nafion film of 
Du Pont is used widely. In the Nafion film, as shown in document Gierke, T.D.;Munn, G.E.;Wilson, 
F.C.;J.Polym.Sci.1981, and 19 and 1687, for example, In the matrix which consists of 
polytetrafluoroethylenes (PTFE), a hydrophilic channel (ion conduction channel) with a size of 
about several nanometers penetrates a film, and exists, and it is supposed that a hydrogen ion 
will be spread through the aforementioned channel. It is said that a PTFE matrix is required in 
order'to hold a film stably. However, perfluoro polymer is dramatically expensive, and it is 
mechanically [ more inexpensive ] stable, and has looked forward to the material in which the ion 
conductivity outstanding as a solid-electrolyte membrane moreover is shown. 
[0004]To ion conduction, it is thought that the channel structure which an ion-conductive 
ingredient forms in a film is very important. Although ion conduction is explained by the 
percolation of the part (ion conduction part) which can diffuse the hydrogen ion currently 
distributed in proton conducting membrane in document Edmondson, C.A.;ADReport 2000, and 
18, The spacial configuration of the ion conduction part in the film from the viewpoint that ion 
conducts through a channel becomes important. The purpose of this invention is to obtain the 
solid-electrolyte membrane which shows the outstanding ion conductivity by controlling the 
spacial configuration of the ion conduction part in a film. 

[0005]If two or more kinds of block copolymer which immiscible polymer (block chain) carries out 
a covalent bond mutually, and forms one polymer chain are used, arrangement of a chemically 
different ingredient is controllable by the size of a nanometer scale. Although phase separation is 
carried out to the field (micro domain) which consists of each block chain by the short distance 
interaction produced from rebounding between chemically different block chains in block 
copolymer, Each micro domain is made to have and arrange specific order by the effect of the 
long range interactions produced from the block chain carrying out the covalent bond mutually. 
The structure which the micro domain which consists of each block chain gathers and makes is 
called micro phase separation structure. 

[0006]After the film of block copolymer generally develops the solution of block copolymer 
melted into an organic solvent on a suitable substrate, it removes a solvent and is produced. . As 



[ show / to the inside of the film immediately after producing / by document Hashimoto, 
T.;Koizumi, S.;Hasegawa, H.;Izumitani t T.;Hyde, and ST.;Macromolecules 1992 (25) 1433 ] The 
state where the micro domain became intricate mutually and sponge-like structure is taken is 
often seen. The micro phase separation structure of the shape of this sponge as it is shown in 
document Sakamoto, N;Hashimoto, and T.;Macromolecules 1998, 31, and 3815, If it is unstable 
and is put to the temperature more than the glass transition point of block copolymer to heat, it 
will change to other micro phase separation structures easily. 

[0007]After sufficient heat treatment, micro phase separation structure becomes what has very 
high order nature especially, A presentation and atmosphere of a constituent show crystaHike 
structures, such as spherical micellar structure and cylinder structure and lamella structure, as 
indicated by document Bates, F.S.;Fredrickson, and G.H.;Annu.Res.Phys.Chem.1 990 (41) 525. If 
such micro phase separation structure is used, the spacial configuration of the ion conduction 
part in a film is controllable. 

[0008]Although the example of the proton conductive polymer solid electrolyte using block 
copolymer is indicated by JP,H8-20704,A, This example is what indicated the combination of 
chemical structure specific as a block chain, and is not what indicated the ion-conductive 
improvement by control of the spacial configuration of an ion conduction part which the 
invention in this application makes the purpose. 

[0009]The example of the solid-electrolyte membrane which, on the other hand, sulfonated the 
styrene unit of the poly (styrene (ethylene-butylene)-styrene) triblock copolymer which has 
about 50000 number average molecular weight in JP,H10-503788,A is indicated. This triblock 
copolymer is about 30 thru/or a thing in which it contains in 35weight % and a polystyrene block 
forms a micro cylinder-like domain about a styrene unit in this example. Since the sulfonic group 
which bears ion conductivity is distributed all over a polystyrene domain, although it is expected 
that non-conductivity is shown, when the cylinders which incorporated water contact, 
respectively, in this example, it is supposed that ion conductivity is revealed of the 
aforementioned cylinder-like structure. 

[00 10] However, in the case of this example, when water content changes, there is no guarantee 
at which contact of the aforementioned cylinders is maintained. According to the experiment 
which followed the example of the above [ this invention people ], and the poly (styrene 
(ethylene-butylene)-styrene) triblock copolymer film of the same kind. The inside of this film did 
not have a clear interface of the micro domain, it is an extended state vacantly, and it is having 
mutually complicated structure and the micro domain was similar to the sponge-like structure 
described previously. When this film was heat-treated at 80 **, the structure of the shape of a 
cylinder which the interface of a micro domain becomes clear and consists of polystyrene 
containing a sulfonic group appeared clearly, and the contact between cylinders fell. Membranous 
ionic conductivity fell with this structural change. This has suggested that the ion conduction 
channel was greatly dependent on an unstable structure. thermally. Then, stability has been 
expected more an inexpensive material in which ion conductivity is shown. 
[0011] 

[Problem to be solved by the invention]By [ which control arrangement of the ion conduction 
part in a film in details more ] carrying out, this invention secures an ion conduction channel 
stably, and an object of this invention is to obtain the solid-electrolyte membrane which shows 
the ion conductivity which was excellent even if it used inexpensive polymer. 
[0012] 

[Means for solving problem]This invention is a film which consists of a polymer segment (A) 
which has (1) ion-conductive ingredient, and a polymer segment (B) which does not have an ion- 
conductive ingredient, (2) It is related with the ion conduction film which carries out the feature 
of that the volume ratios of A and B are 30 / 70 - 40/60, that A and B form micro phase 
separation structure in (3) this films, and being made to arrange so that the channel which 
consists of (4) A may penetrate a film. 

[0013]This invention relates to the above-mentioned ion conduction film being the block 
copolymer in which A and B are carrying out the covalent bond. 

[0014]this invention — this block copolymer (C) — and — this — it being a film which consists 



of a mixture of homopolymer A' which consists of the same monomer component as A, and, The 
ratios of the sum of the volume of A and A' to the volume of B are 30 / 70 - 40/60, and it is 
related with the above-mentioned ion conduction film making arrange so that the channel which 
A and B form micro phase separation structure in this film, and consists of A may penetrate a 
film. 

[0015]This invention relates to the above-mentioned ion conduction film, wherein the degree of 
polymerization of this homopolymer A' does not exceed the degree of polymerization of A blocks 
in this block copolymer (C). 

[0016]This block copolymer (C) is poly (styrene (ethylene-propylene)-styrene) triblock 
copolymer, and this invention relates to the above-mentioned ion conduction film, wherein more 
than 30 mol % of a styrene unit is sulfonated. 

[0017]The block copolymer which comes to sulfonate more than 30 mol % of the styrene unit of 
poly (styrene (ethylene-propylene)-styrene) triblock copolymer as for this invention, It is related 
with the above-mentioned ion conduction film which consists of a blend of polystyrene in which 
more than 30 mol % of the styrene unit was sulfonated. 

[0018]This invention relates to the above-mentioned ion conduction film which is a solvent 
alternative to the polymer segment which has an ion-conductive ingredient, and is characterized 
by carrying out the cast from the solvent in which the boiling point contains a not less than 80 
** solvent as an ingredient. 

[Mode for carrying out the inventionjlt is a film which consists of polymer (A) which has at least 
one ion-conductive ingredient, and polymer (B) which does not have an ion-conductive 
ingredient, The polymer for which the volume ratio of A and B was adjusted so that it might 
become the presentation with the micro domain of A and B very near the volume composition 
(co-continuous presentation) or the co-continuous presentation which forms a continuous phase 
mutually is used. 

[001 9]In two-component system block copolymer, it is predicted that a micro domain forms co- 
continuous structure with specific volume composition so that it may be indicated by document 
Matsen, M.W.;Bates, and F.S.;Macromolecules 1996, 29, and 1091. For example, document 
Khandpur, A.K.;Foerster, S;Bates, F.S.;Hamley, I.W.;Ryan, A.J.;Bras, W.;Almdal, K.;Mortensen, and 
K.;Macromolecules. the poly (styrene isoprene) currently indicated by 1995, 28, and 8796 — a jib 
— in the lock copolymer, co-continuous structure is observed for the volume ratio of 
polystyrene and polyisoprene in 32 / 68 - 35/65 and 61 / 39 - 64/36. 
[0020]The polymer (A) in which this invention people have at least one ion-conductive 
ingredient, The block copolymer which consists of polymer (B) which does not have an ion- 
conductive ingredient is used, It found out preferably that an ion conduction channel was stably 
securable 30 / 70 - 40/60 which are the co-continuous presentation which showed said volume 
ratio of A and B previously, or the presentation of the circumference of it, and by adjusting to 
34 / 66 - 38/62. 

[002l]Since the continuity of an ion-conductive part is spoiled when the volume composition of 
the polymer A is smaller than the above-mentioned range, the range of the above-mentioned 
volume composition is preferred. If the volume composition of the polymer A is in the above- 
mentioned range, even if a membranous internal structure is micro sponge-like domain structure, 
the ion conduction channel which penetrates a film to the structural change by heat is more 
securable for stability. 

[0022]Except the above-mentioned range, if the volume composition of A and B becomes close 
to 50/50 for example, the stratified micro domain structure which consists of the lamellae of A 
and the lamellae of B which were located in a line by turns will be formed in the inside of a film, 
and this layer structure will be especially arranged in parallel to a membrane surface near the 
membranous surface. The structure inside such a film checks the ion conduction channel which 
penetrates a film, and since it is not desirable, the range of the above-mentioned volume 
composition is preferred for it. The micro domain structure of this invention is connected in the 
shape of a network, and, as for the long period of the structure, a 10-100-nm thing is obtained 
preferably. 

[0023]since film-shaped stability is spoiled for A under humidification environment in the case of 



more volume composition than B — the above-mentioned B — a rich presentation is preferred. 
[0024]The block copolymer used for this purpose Sodium vinylsulfonate, Al sulfone sodium, 2- 
acrylamido-2-methyl propane sulfonic acid, An ion-conductive monomer (MA) like a vinyl 
monomer with sulfonic groups, such as vinylphosphonic acid and vinylbenzene phosphonic acid, 
or a phosphonic acid group, Non-ion-conductive monomers (MB), such as styrene, 2- 
vinylpyridine, stearic acid vinyl, and lauric acid vinyl, by an anionic polymerization method etc. It 
can obtain by the ability to carry out block copolymerization so that the volume ratio of the 
block chain which consists of a block chain which consists of MA, and MB may become the 
range of 30 / 70 - 40/60. 

[0025]As desirable combination of MA and MB in a block copolymer, there are styrene-sulfonic- 
acid-2-vinylpyridine, 2-acrylamido-2-methyl-propane-sulfonic-acid-acrylonitrile, etc., for 
example. 

[0026]By or block copolymer which consists of a block chain (AO) which can introduce an ion- 
conductive part, and a block chain (B) which does not have an ion-conductive part. A method of 
introducing an ion-conductive part into AO portion of block copolymer later can be taken using 
what has a volume ratio of AO and B in the range of 30 / 70 - 40/60. From the ability to obtain 
comparatively inexpensive as block copolymer used for this purpose. Poly (styrene (ethylene- 
propylene)-styrene) triblock copolymer, Triblock copolymer, such as poly (styrene (ethylene- 
butylene)-styrene) triblock copolymer, poly (styrene butadiene styrene) triblock copolymer, and 
poly (styrene isoprene styrene) triblock copolymer, is preferred. 

[0027]here — poly (styrene (ethylene-propylene)) — a jib — a lock copolymer and poly (styrene 
butadiene) — a jib — jibs, such as a lock copolymer,, although a lock copolymer can also be 
used for the invention in this application, A direction of triblock copolymer is suitably used from 
a field of membranous dynamic stability. 

[0028]An ion conduction part is introduced into a specific block chain (AO), and it is presented 
with the above-mentioned block copolymer. For example, a sulfonic group can be selectively 
introduced into a polystyrene block using the method of of document Carretta, N.;et 
al.;J.Mem.Sci.2000, and 166 and 189. 

[0029]A sulfonic group is selectively introduced into a polystyrene block chain by adjusting the 
solution of triblock copolymer and adding acetyl sulfate in this solution as a concrete method. 
According to above-mentioned document quantity (sulfonation rate) to the styrene unit of the 
sulfonic group introduced using this method is made into 15 mol of outlines %, but. According to 
the experiment of this invention people, by bringing the mole ratio to the styrene unit of the 
acetyl sulfate to add close to 1/1, a sulfonation rate can be carried out beyond about 30 mol %. 
[0030]Or a sulfonic group can be introduced into a polystyrene block using the method currently 
indicated by above-mentioned JP,H10-503788,A. 

[0031]Thus, the block copolymer (C) which consists of polymer (A) which has an ion-conductive 
ingredient and polymer (B) which does not have an ion-conductive ingredient is obtained. Here, 
the polymer (A') which consists of the same monomer component as A to block copolymer (C), 
and has an ion-conductive ingredient can be added. In this case, if the presentation of the 
polymer which has an ion-conductive part eventually is the above-mentioned range, the volume 
ratio of A and B in the block copolymer before A' addition will not be limited to the range of 
above 30 / 70 - 40/60. 

[0032]here — block copolymer — adding — the above — polymer (A') — a degree of 
polymerization — it is large — a case — block copolymer — A — ' — macroscopic — phase 
separation — carrying out — easy — becoming — having added — A — ' — ion conduction — 
a channel — reservation — not contributing — becoming . 

[0033]a range in which the range of a suitable degree of polymerization of polymer (A*) to add 
does not exceed a degree of polymerization of A blocks in block copolymer — they are a 1- 
/square with a degree of polymerization of A blocks or a degree of polymerization not more than 
it still more desirably. However, since there is a possibility that A' may deposit in a membrane 
surface when a degree of polymerization of A' becomes low, as a degree of polymerization of A', 
a 1 -/square with a degree of polymerization of A blocks or its neighborhood is desirable. When 
using for both sides as C ABA type triblock copolymer which has A blocks here, a degree of 



polymerization of A blocks means not the sum of a degree of polymerization of a block of both 
sides but a degree of polymerization of each block. 

[0034]A method of adding polymer (A') of a degree of polymerization which has the ion- 
conductive ingredient indicated here, and does not exceed a degree of polymerization of A 
blocks extends a kind of block copolymer with which the invention in this application can be 
presented. There are polystyrene sulfonate, polyvinyl benzenephosphonic acid, etc. as an 
example of suitable polymer (A'). 

[0035]After dissolving in an organic solvent, on a suitable substrate, the cast of the blend of 
block copolymer (C) or block copolymer (C) which has an ion conduction part to a specific block 
chain, and a homopolymer (AO is carried out, and it is produced. As a method of carrying out the 
cast of the solution, the bar coating-machine method, a method of immersing a substrate in a 
solution, the spin cast method, etc. can be used. 

[0036]The substrate which has the alternative surface to the block chain (A) which has an ion- 
conductive part is used for the substrate used for film production. 

[0037]The substrate which has the alternative surface to a block chain (A) here means a small 
thing compared with the interfacial tension of the block chain (B) and substrate with which the 
interfacial tension of A and a substrate does not have an ion-conductive part. For example, to 
the poly (styrene (ethylene-propylene)-styrene) triblock copolymer sulfonated as A, a glass 
substrate etc. are used suitably. When an alternative substrate is used for the block chain (B) 
which does not have an ion-conductive part, and the membrane surface of the side which was in 
contact with the substrate is covered with B ingredient, since ion conductivity is checked, it is 
not desirable. 

[0038]Selection of the organic solvent used for the above-mentioned film production is 
important For example, when the sulfonated poly (styrene (ethylene-propylene)-styrene) 
triblock copolymer is produced on a glass substrate by the bar coating-machine method etc. 
from a tetrahydrofuran (THF) solution, Many defects (crack etc.) arise on a film with evaporation 
of rapid THF to the inside of the atmosphere. A membrane surface carries out surface 
roughening. In using a volatile high solvent like THF for this reason, when drying the block 
copolymer solution which carried out the cast to the substrate, the vapor rate of the solvent 
from a solution is controlled. 

[0039]Control of the vapor rate of a solvent here can be performed by drying this solution in this 
tub using what provided the gas passages leading which can be adjusted, for example to a seal 
tub. The inside of a tub is maintained in general under the saturated vapor of a solvent with the 
solvent which evaporated from the solution, and solvent vapor is slowly discharged through gas 
passages leading. 

[0040]Or instead of a solvent of high volatility like THF, solvents with comparatively low 
volatility, such as N.N-dimethylformamide (DMF), are used suitably. It can mix with volatile high 
solvents, such as THF, and the low solvent of said volatility can be used here. 
[0041 ]the surface of the block copolymer which produced the film from the solution — usually - 
- document Hasegawa, H.;Hashimoto, and T. ;P it consists of a small block chain of surface 
tension as indicated by olymer 1992 and 33,475 — it gets wet and a layer is formed on the 
surface of a film. In the atmosphere, to the part where the direction of an ion-conductive part 
does not have ion conductivity, since surface tension is large, the above gets wet, and it is a 
non-ionic conduction layer, and a layer checks an ion conduction channel on the surface of a 
film, and usually produces the effect which is not desirable. However, when using at the cast the 
solution of this block copolymer that used the alternative solvent (S1) as the solvent for the 
block chain (A) which has an ion-conductive part according to the experiment of this invention 
people, it turned out that the effect over an ion conduction channel which is not desirable can be 
inhibited. 

[0042]Here, an alternative solvent (S1) says that S1 is affinity-like [ the direction of A ] to the 
block chain (A) which has an ion-conductive part compared with the block chain (B) which does 
not have an ion conduction part. 

[004 3] Affinity- 1 ike [ the solvent S1 / the direction of A ] means that the latter increases 
compared with the former, when S1 is removed by evaporation etc. from the film of the solution 



by which the cast was carried out and the quantity of S1 contained all over the micro domain 
which consists of B, and the quantity of S1 contained all over the micro domain which consists 
of A are measured. That is, the solvent SI is first removed out of the micro domain of B, and, 
finally is removed out of the micro domain of A. 

[0044]The grade of compatibility can be searched for, for example using the difference of the 
solubility parameter of each block chain ingredient and a solvent and compatibility is so high that 
the absolute value of the difference of a solubility parameter is generally small. Document 
Brandrup with a publicly known value of a solubility parameter, JJmrnergut, E.H.;Grulke, EA ;P 
By olymer Handbook, 4th ed., John Wiley&Sons, New York, 1999, etc. It can know easily. 
[0045]As such SI, alcohols, such as water, methanol, ethanol, 1-butanol, and 1-propanol, DMF, 
N,N-dimethylacetamide (DMAc), N-methyl-2-pyrrolidone (NMP), etc. are mentioned, for example. 
If the solvent of high volatility is used as S1, the effect using an alternative solvent will be 
spoiled by the ion-conductive part (A), and it will become easy to produce a non-conductivity 
ingredient (B) on the surface. For this reason, a volatile low solvent is used comparatively. 
Although it is dependent also on a drying condition in volatility being low, according to the 
experiment which this invention people conducted, as for not less than 80 ** of outlines, 
solvents, such as 1-propanol, DMF, etc. which have the not less than 90 ** boiling point 
desirably, are suitably used in respect of reservation of the ion conduction part in a membrane 
surface here. Such a low volatility solvent is desirable also from a point of the defective 
prevention produced at the time of the film production described previously. 
[0046]S1 does not necessarily mean a single solvent, but can use a mixed solvent of two or 
more solvents here. For example, when carrying out the cast of the blend which added 
polystyrene sulfonate to sulfonation poly (styrene (ethylene-propylene)-styrene) triblock 
copolymer, a mixed solvent of DMF and alcohols, etc. are used suitably. When using a mixed 
solvent as S1, it is not necessary to have the not less than 80 ** boiling point which all the 
solvent components described previously, and the boiling point should just be in the range of not 
less than 80 ** about an ingredient (S1 V) of most low volatility. At this time, quantity of S1 V in 
S1 is adjusted so that a ratio of weight to polymer in a solution may become 1/99 or more. 
[0047]When only a solvent (S1) alternative to a block chain (A) which has an ion-conductive part 
is used for a solvent, it is not necessarily easy to dissolve block copolymer (C) uniformly. Then, 
from S1, it is a volatile high solvent, and the solvent S2 which dissolves C can be mixed and 
used. As S2, THF, 1,2-dichloroethane, etc. are mentioned, for example to sulfonation poly 
(styrene (ethylene-propylene)-styrene) triblock copolymer and a blend with the polystyrene 
sulfonate. S2 does not necessarily mean a single solvent, but can use here a mixed solvent 
which consists of two or more solvents. 

[0048]Thus, a film which shows ion conductivity stably is obtained. Ion conductivity is measured 
in atmosphere of 60% of relative humidity, and 10-4 - 10-1 S/cm are preferred, and it is 
obtained, for example. This film exfoliates from a substrate used for film production, and can be 
used as a solid-electrolyte membrane for fuel cells. Or a gas diffusion electrode of a fuel cell can 
be produced as a substrate, and it can include in a fuel cell. 
[0049] 

[Working example]As embodiment 1 block copolymer, a volume ratio of a styrene block (AO) and 
a block (ethylene-propylene) (B) used 26/74 of things (CO) by poly (styrene (ethylene- 
propy(ene)-styrene) triblock copolymer. In the block copolymer CI, both degrees of 
polymerization of a styrene block of both sides were about 130. In order to add to C1, 
polystyrene (AO') of the degree of polymerization 15 was used. Mixed stirring of 14.9 ml of acetic 
anhydrides and 5.6 ml of the concentrated sulfuric acid was carried out at 0 **, and an acetyl 
sulfate solution (AS) was produced. 

[0050] 10 g of the triblock copolymer C01 was dissolved in 100 ml of 1,2-dichloroethane (DCE), 
and it held at 50 **. Stirring was performed for 3 hours, adding said acetyl sulfate solution AS 
and holding solution temperature at 50 ** so that a mole ratio of acetyl sulfate may be 1/1 in 
this solution (SCO) to a styrene unit in the polymer C. 

[0051] 10 ml of isopropyl alcohol was poured into solution SCO, and a reaction was stopped. 
Solution SCO was dried at 50 ** and a solid was deposited. After methanol washed said solid, it 



was made to dry, and the sulfonation triblock copolymer C was obtained. 1 g of homopolymer AO' 
was dissolved in DCE3ml, and it held at 50 **. Stirring was performed for 3 hours, adding said 
acetyl sulfate solution AS and holding solution temperature at 50 ** so that a mole ratio of 
acetyl sulfate may be 1/1 in this solution (SAO') to a styrene unit of polymer A0\ 
[0052]Isopropyl alcohol was poured into solution. SA0\ and a reaction was stopped. Solution SAO' 
was dried at 50 **, and sulfonated polystyrene A' was obtained. When the polystyrene block A1 
in the polymer C1 and a sulfonation rate of homopolymer A' were measured in proton NMR, it 
turned out that 28-mol % and 55-mol% of a sulfonic group is introduced to a styrene unit, 
respectively. A degree of polymerization of sulfonated polystyrene A' is not over a degree of 
polymerization of the sulfonation [ it is equal to the degree of polymerization 1 5 of prepolymer 
AO', and ] polystyrene block A in the sulfonation block copolymer C. A degree of polymerization 
of polymer A' had become a value near the 1 -/square (1 1) of a degree of polymerization of A. 
[0053]THF and methanol were mixed so that it might become the weight ratios 9/1, and the 
solvent S was produced. The triblock copolymer C and polymer A' were dissolved in said solvent 
S so that volume which the block chain A and polymer A' occupy in polymer might be 30%. 
Polymer concentration was adjusted here so that it might become 5 weight %. 
[0054]The cast of the above-mentioned solution was carried out by the bar coating-machine 
method on a glass substrate, and after drying over one day in a sealing tub which provided a 
valve, maintaining inside of a tub at maximum vapor tension of a solvent, uniform and transparent 
solid electrolyte film F1 was acquired. Thickness of this film was 160 micrometers. After an 
internal structure of a film cut down an ultrathin section of a film and dyed this section with an 
osmium tetroxide, it was observed with a Hitachi HF-100FA transmission electron microscope 
(following TEM). 

[0055]ln TEM, signs that a domain which consists of A or A' which has a domain which consists 
of B1 which does not have an ion-conductive part, and an ion-conductive part had produced 
micro phase separation were observed. A domain which a domain which consists of B makes a 
matrix and consists of A or A' in it was connected in the shape of a network, and forming a 
domain which pierced through a film and continued was observed. 

[0056]A corniculus X-ray scattering spectrum of a film was measured using Rigaku rotating 
target type X-ray diffractometerRINT2500 type. A long period of structure of the shape of said 
network searched for from a peak position of a corniculus X-ray scattering spectrum was 31 nm. 
A membrane surface was observed with an atomic force microscope by a digital INSU vine face 
company (henceforth, AFM). Local surface roughness of a film measured by AFM was 4.0 nm of 
outlines. If the membranous surface is made to contact, vibrating an AFM chip near the 
resonance point, A phase shift arises in whether the surface is vitrified and chip vibration of the 
above [ be / it / rubber-like ] as pointed out by document Zhong, Q.;Innis, D.;Kjoller, K.;Elings, 
V.B.;Surf.Sci.Lett.1993, 290, and L688. By this phase shift, distribution in a membrane surface of 
A which is in a vitreous state at a room temperature, and B in a rubbery state can be 
investigated. 

[0057]Area occupied by an ingredient (A) with a small phase in a phase image had attained to 
47% of the total surface area. Ionic conductivity of a film put an obtained solid electrolyte with a 
stainless steel sheet, and performed it using an alternating-current-impedance method which 
impresses exchange to inter-electrode and measures a resistance part, and it calculated and 
asked for it from a real number impedance section of a call call plot Measurement was 
performed at 50 **. When ionic conductivity of film F1 was measured in 40% of relative humidity, 

60%, and 90% of each atmosphere, they were 3.5x1 0"" 4 S/cm, 3.5x10~ 3 S/cm, and 3.1x10" 2 S/cm, 
respectively. 

[0058] Heat treatment was performed for two weeks under the atmosphere of the temperature of 
80 **, and 80% of relative humidity to film F1 of embodiment 2 Embodiment 1. This film is set to 
FA1. 

[0059]When the long period of film FA1 was measured, it was set to 26 nm, and compared with 
heat treatment before, it was falling for a while. When the internal structure of this film was 
observed by TEM, the interface of the matrix which consists of B, and the domain which consists 



of A or A' is clear compared with heat treatment before, and it was shown that the structure 
before heat treatment was a nonequilibrium state. However, the domain which consists of A or A' 
after heat treatment was maintaining network-like structure. The place which measured the ionic 
conductivity of film FA1 in 40% of relative humidity, 60%, and 90% of each atmosphere, It is 
4.8x10~ 4 S/cm, 3.9x10~ 3 S/cm, and 3.1x10~ 2 S/cm, respectively, and it was shown that are more 
than equivalent and the ion conduction channel is maintained stably heat treatment before. 
[0060]The uniform and transparent solid electrolyte film F2 was obtained like Embodiment 1 
except having used what mixed THF, methanol, and DMF so that it might be set to weight ratio 
90 / 10/0.1 as the embodiment 3 cast solvent S. The thickness of the film F2 was 160 
micrometers. 

[0061]When the internal structure of this film was observed, the domain which consists of A or 
A' distributed at intervals of about 25 nm formed network-like structure. The local surface 
roughness of this film measured by AFM showed about 1.7 nm and good smooth nature. The area 
occupied by the ingredient (A) with a small phase in the AFM phase image reached about 67% of 
the total surface area, and improved compared with the case (embodiment 1) where DMF is not 
used. The place which measured the ionic conductivity of this film in 40% of relative humidity, 

60%, and 90% of each atmosphere, It improved from 1 .3x10" 3 S/cm, 7.8x10" 3 S/cm, 7.1x10~ 2 S/cm, 
and Embodiment 1 , respectively, and the effect that ionic conductivity improved was seen by 
adding an alternative solvent (DMF) to low volatility and sulfonated polystyrene. 
[0062]The uniform bright film F3 was obtained like Embodiment 1 except having added A' so that 
the ratio of the embodiment 4 sulfonation polystyrene block A and the sum of the volume which 
sulfonated polystyrene A' occupies to the volume of the poly (ethylene-propylene) block B might 
be 35/65. Observation of the internal structure of this film observed signs that the domain which 
consists of A or A' which has an ion-conductive part in the matrix which consists of B which 
does not have an ion-conductive part had produced micro phase separation. The domain which 
consists of A or A' here was connected in the shape of a network, and formed the domain which 
pierced through the film and continued. The long period of the structure of the shape of an 
above network searched for from the peak position of a corniculus X-ray scattering spectrum 
was 33 nm. 

[0063]The uniform bright film F4 was obtained like Embodiment 1 to the comparative example 1 
triblock copolymer C except not having added polymer A'. When the internal structure of this film 
was observed by TEM, signs that the domain which consists of A which has an ion-conductive 
part in the matrix which consists of B which does not have an ion-conductive part had produced 
micro phase separation were observed. The area occupied by the ingredient (A) with a small 
phase in the AFM phase image is 42% of the total surface area, and fell compared with the case 
(embodiment 1) where A* is added. When the ionic conductivity of the film F4 was measured in 

40% of relative humidity, 60%, and 90% of each atmosphere, it is 1.7x1 0" 5 S/cm, 2.2x1 0" 4 S/cm, 

and 2.6x10 S/cm, respectively, and remarkable low conductivity was shown as compared with 
Embodiment 1. 

[0064]As comparative example 2 polymer A', the solid electrolyte film F5 was obtained like 
Embodiment 1 except having used the sulfonated polystyrene (AD of the degree of 
polymerization 380. When the inside of the film F5 was observed, the big and rough domain 
expected to consist of polymer AT is formed in some places, and the same structure as the 
comparative example 1 was observed between big and rough domains. When the ionic 
conductivity of the film F4 was measured, the almost same conductivity as the comparative 
example 1 was shown, and the effect of polymer AT addition was not seen. As comparative 
example 3 block copolymer, by poly (styrene (ethylene-butadiene)-styrene) triblock copolymer. 
Except that the volume ratio of a styrene block (AO) and a block (ethylene-propylene) (B) used 
26/74 of things (CO), the uniform bright film F6 was obtained like Embodiment 1. When the 
internal structure of this film was observed by TEM, the micro domain was having structure of 
the shape of a mutually complicated network. The area occupied by the ingredient (A) with a 
small phase in the AFM phase image was 42% of the total surface area. Heat treatment was 
performed for two weeks under the atmosphere of the temperature of 80 **, and 80% of relative 



humidity to the film F6, and film FA6 was obtained. When the internal structure of this film was 
observed by TEM, the interface of the micro domain became clear, the structure of the shape of 
a cylinder which consists of an A domain containing a sulfonic group appeared clearly, and the 
structure which A domain seen before heat treatment connected mutually was spoiled. 
[0065] 

[Effect of the Invention]The ion conduction performance and heat-resistant stability can be 
raised about an ion-conductive film by this invention. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing .JjDrayvingJ. shows the TEM observation image (300 nm x 300 nm) of the ion 
conduction film of Embodiment 1 of this invention. Signs that the domain which consists of A or 
A' which has an ion-conductive part has produced micro phase separation are observable. 
[Drawing .2j i D^awjng..2. shows the AFM observation images (a phase image, 2000 nm x 2000 nm) of 
the ion conduction membrane surface of Embodiment 1 of this invention. While there is a portion 
covered with B domain in some places, signs that the domain which consists of A or A' which 
has an ion-conductive part has appeared in the surface are observable. 
[Drayying 3] Dra vying 3 shows the TEM observation image (300 nm x 300 nm) of the ion 
conduction film of Embodiment 2 of this invention. 

[Drayying 4] Drayying 4 shows the TEM observation image (300 nm x 300 nm) of the ion 
conduction film of Embodiment 3 of this invention. 

[D raw ing 5] Drawing 5 shows the AFM observation images (a phase image, 2000 nm x 2000 nm) of 
the ion conduction membrane surface of Embodiment 3 of this invention. Signs that the domain 
which consists of A or A' which has an ion-conductive part has appeared in the surface almost 
uniformly are observable. 

[Drawing 6] Drawing 6 shows the TEM observation image (1500 nm x 1500 nm) of the ion 
conduction film of the comparative example 2. The domain which consists of A' has produced 
macro phase separation. 

[D rawin g 7]Drawing 7 shows the TEM observation image (300 nm x 300 nm) of the ion 
conduction film before heat treatment of the comparative example 3. Signs that the domain 
which consists of A or A' which has an ion-conductive part has produced micro phase 
separation are observable. 

[Dr awin g 8]Drawing 8 shows the TEM observation image (300 nm x 300 nm) of the ion 
conduction film after heat treatment of the comparative example 3. A domain interface becomes 
clear, and when A domain becomes the shape of a cylinder located in a line in parallel, signs that 
the connectivity between A domains is spoiled are observable. 



[Translation done.] 



* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 




[Drawing 1 ] 
[Drawing 2] 



[Drawing 4] 




[Drawing 8] 




[Translation done.] 



(19)B*BM*HFff (JP) (12) & gfj 4$ fft & ^ (A) <U)*ifttMftH*9 

^2003-142125 
(P2003-142125A) 
(43)&HB ¥J£15*F 5 ft 16 B (2003. 5. 16) 



(51) IntCl.' 
HO 1M 
CO 8 J 
CO 8 L 

HO 1 B 



8/02 
5/22 
25/18 
53/00 
1/06 



mm* 

CER 



F I 

H0 1M 8/02 
C 0 8 J 5/22 
C0 8L 25/18 
53/00 
H 0 1 B 1/06 



CER 



4F0 7 1 

4 J 0 0 2 

5G3 0 1 

5H0 2 6 



*M* »2R«©»7 OL (±13 H) gt&n\z&< 



(21>mB## 


ftiB200 1 - 336 1 76( P2001 -336 1 76) 


(71)fflHA 


000000206 










(22)m«B 


¥/£13*fll)1 1 B (2001. 11.1) 




ajP«^ffl5Tfr^/h*1978#«l«)96 








a* m~ 






















(72)3&9J# 


«* « 








^mrtsms^^ssoi ^ffin 














(72)»E# 


ttU? ftg 








^Jt«T&Jl^H#m»^8#cDl g^JI 



















(54) [stwvzm 



(57) [gift] 

(1) ^*>e£f±f*#i-£i-5* -;-v 

— fe^vh (a) t-f *>g»tfeBJi»Sr*rS<ei,»5K!> 
v-t^V>l- (B) *»6,<cSBIt?fc6C:i, (2) A 
tB«<*fStt^3 0/7 0~4 0/6 0T?M;t, 

t. (4) A^fjJtc^^-vt-^IS^Kii-riJ:-) 




(2) 



WW 2 0 0 3-142125 



[HttWCiJ (1) -f5|-yfi#ttril»Sr#+6#!;^- 
(A) Mtyg^MMScJ^i^'Jv 
— fe^Vh (B) j&^ftSIK-Cfcawi:, (2) At 
BWftWit^ J 0/7 0 — 4 0/6 t, 

AO 5 (4) A*^jft6f"-v*^«ttSrIta+SJ:5 

[ M*« 2) AiR Ltv^^py^ #fi£ 

-■e / -v-is » * » c ft a * * sk y v - a ■ k**m * t> ft 

SABX* A t A ' Wflefljrofti £ B «flefflf:>fcfcj&< 3 0 
/ 7 0 - 4 0/ 6 0 "C* "J , m%^X*A k B I* S 9 nffl 

»i* itjo ti % & o< a a ■ t, ft z + \> *>vtm 
(o tic*5itaAyo y ^wa^ac«r«* 

ft^r. 4 «r»«t+5»#JH 3 icKfcwW *>g*Bt 
[IS** 5] ^D-y/ftM* (C) a«#y 

(xfi/y-Zat'i/y) -^fuy) hli^oy 

2-4 caw^r *>fi*HL 

hC0 3 O^^i/jU^tW^ilT/x^/n .7 

x/u*vfl:£ixfc#y xfi/^i/^ Ka»kfcSBI# 
JR J - 5 (cEfltw-f *->-Ck9HJIL 

> hiciSWjftSttET'fooT^^^y otfiliwiSWHEt: 

4 -fa W#JjS 1 - 6 WEttw-f * 
[0001] 

[0002] 

#*»*SSilK*&1MEtt(-H^ 



[ 0 0 0 3 ] 10) X 5 ftSfraMttUtj: LT, ^--x^> 

Gierke, T. D. ; Mu n n , G. E. ; W i 1 
son, F. C. ; J . Polyrn. S c i . 198 

1, 19, 168 7 ic^Sft&J; i£$*r byy 
/utpxf u-y (PTFE) 1)>httZ>-* h y 

**>f*-^tt»i-afcS*LT^5„ PTFE-7 h U 7 

fca 

[ 0 0 04) >r 3rve«ic#LTii, K*^>r 

^Lb^LTl^o ^Cffli E d in o 11 d s o 11 , C. A. ; 
AUReport 2 0 0 0, 1 8 Xit, '/p I- >fc 

mmn^m in *s**^ ^>/j^*»i^ft^ 

[ 0 0 0 5 ] 2 BEBJa±wj£t ^cgpffij&ft*: u -v— ('/ 

x-efk*6<jic»&arit»^iaii«r»JW-r a r 

[0 0 0 6] ^Py^asKy-e-WBBi-jftlC, 
KicB* » L fc^ n y ^ n # y -e- wjgfffiSrffl S ft StS w 
±lcBHLfctt, J»«frl»*LrfWISiiS. f^^n 
tiEfS^BirtSfRI-^ Xi» H a s h i mo L o, 
T . ; K o i z u rn i , S . ; M a s e g a w a , 
H . ; I zumi tan i, T. ; H y d e , S . 
T . ;Macromolccules 1 992 (2 
5) 1 4 3 3 X'7jk£tlX\,*Z>&'jte. l';vV/4> 

ffiig*4, Xift Sakamoto, N ; H a s h i rn o 



(3) 



2 0 0 3-142125 



to, T . ;Macro molecules 199 
8, 3 1, 3 8 15 C^L^i,Tt^Wu< , gftMttb 

[uoo7] »»c+i>ft»*e«»*-cii, s * affirm 

«iei«*T»mW*l^«iftS. Sffifc Bate 
s , F . S . ; Fredr i ckson, G . H . ; A 
n n u . Res. Fhys. Chom. 1 9 9 0 (4 

l ) 5 2 5 WHbpSixTc j: -v M v tM;«>^Mr£ 

«*Hftic«fco-c. »tt$-tr^«a % ^yv^-swf, 

7 > 7 Wfit ft fw»iBilft«ifife7S-t-„ i w J; b ft l >j a 

[000 8] -fa y t a ;K U ^~£JJH ^'/n h 

2 0 7 0 4 

t + 6 -< *xg*swftwffiraiaiawiiiij»[c * a j 
ih* Lit t> w-ei4<ct v, 

[ 0 0 0 9 ] — > 1 0- 5 0 3 7 8 8 ^$fi 

u s ^ 5 o o o o oi&pwjw&tt-r a # y (* ^ ^ 

WKBtwffi|^BII*Sixr^4 u Z.0MX& h 
a^y-r-ii, ^f^a.-. ; h£#l3 0 7J3E3 51* 

r t /j-f *ss axa *\ w w#jt»tt*sr» a/ufc - ■> u > 
^-ia±#*/r jK-tt*r ^ 1 1 ic x *) j x>fcmm v mL 

LTVa t 5^5. 

[0 0 .10] L*»LwO«W»^ ^7kfi35««5fk-*"5t 
lc oi^Tffo rustic .fcjxtf, Mffwrtffltt 5 * n 

W 1 4 9 . # 'J U'V^ibft a > 

y y^-*©«usd«tt-»* o tan, *>!J >y-?$om 

[001 1 ] 



[0 0 12] 

[HWS'<i(f*-t'5fcto^«l (i) 

e^w^^fs^t^yv-i^v (b) 3&»e>*c 
SK-efca ( 2 ) a t b »f*«ut>5« 3 0 / 7 0 - 

4 0/60 -Cfcfi «! t n ( 3 ) ttlS'fT'A £ B/^ S ^ d 

msmm&bmi-fbth, &r>- (4) a^o^s-^-v 

[0 0 13] *36Wtt, AtB3i?*ffiBr^Ur^ 

[00 l 4] Sfc, S'^d^M^ 
(c) *^oBea t |r| u-e / -v— riE»A> b ft a ^-e^ y v 

-A' (7.)^W^j*6lT^^ A^A' W*WWfH 
t B W»«|WJt*S 3 0/7 0 -4 0/6 QX'fo >) % &0H 
r t J T - A £ B I'Jt 5 * p !B»lB«iS«r»rit LT U , &t>'A 
^ t ft a */u*«KSrHai-a J: 5 {cgE^-fr L ^ n 

[0 0 1 5] *fc % K***!/"^— A 1 Wfi 

ftS!/J\ ^D-y^l^ (C) ffa;it<jA-/P7 

[0016] 8^py^*l^» 
(c) /^^y (xfu>--/ptvy) - 

y^j/ h*>3 o ; e/u%w±/j*^^> / ft:^HTt^w 
t^»»ti-5±Ew^3l-veWIBUBIi-a„ 

[001 7] *%p>nfi, ^y (jc^ 

[0018] *fc % >r^-^ean!fca»<r*-+ 
6^y -7— > hi;iwj*Mt^otM^8 

S ft Ac ^ t trfMi t i-5 ±E*M ^ vfiWRlcBBi- 6. 
[«noXtt0>«fS] 7 >ft < ^ 1 1 ^vfe^tojc 

»S:#+5iKy^- (a) fc. -f^^eaHSrt^frffs 

ftlvKy-v— (B) ^&46ll , Cfcot, A<tB(7)^^ 

*li^) 7SSli#*Btta^l- r < ittt ^fifelc ft 6 «t 5 ic A 
t B©W«Ut«rfflfflELfc*y ^-Srffl^S. 

[0019] ^iMr/py^^yv-m *iR 



(4) 



ftm 2 0 0 3-142125 



Ma t sen, M. W. ; B a t u s , F . S . ; M a 
cromolecuUii 19 9 6, 2 9, 10 91 

ItfXtfK Khan d pur, A. K. ; F o e r s t e 
r , S ; B a t e s , F . S . ;Ha in ley, 1 . 
W. ; R y a n , A. J . ;Bras, W. ; A 1 m d 
a 1 , K . ;Mo r t en sen, K . ;Ma c r otn 
o 1 c c u 1 e s 1 9 9 5, 2 8, 8 7 9 6 

3*i-ci*a#y -r y/^y) 

(*fffifc/jS3 2/6 8-3 5/6 5&1/6 1/39-64 

/ 3 6 oMm vimmm*m'& s ntv a. 

[0 0 2 0] *3B«Ae>tt, '>ft< <h t) 1 offHt^fi 

®tM#&wi-a>Ky^- (a) t, 4*>&m\<kr$Lft 
£#ifttvjfy^~ (B) a^fra-^D y y- a# y^- 

PjSli-t »HiflWJHliK-efo & , 3 0/7 0-40/6 
0, #*L<tt, 3 4/6 6-3 8/6 2 KWHM-a 

[ o 0 2 1] sK 'J ^-A»ftfl»l*^±ew(ffl J: K J 'h 

[0 0 2 2] ifc, iEWfflfflfiJtfk fflAtf, AtBW 
(*«fflfi5c*« 5 0 / 5 0 Kifi < ft ^ i , XSlCjfe/ufc'AW 

WflKStt, HM'ftiifi LT(7M ^ vfc^M- */V*rlfi£ L 

i£j£U ^wWitw-flJSIWI^t l o—i o o nm<r>i><ntf 
[0 0 2 3] jElc, at^b J: 9 £i »*SllflfiR»»fr, An 

[0 0 2 4) :i/.)@6i)i:ffli^'/Dy^,f'jv-{i 
fig, \?-/\,ftx*>tfc % t^u-O-lfv^^^v^fti:' 

ct^ftY^-ve^tt-ty-v- (MA) «t % X^-L^V, 2 

-tr-yutry s;>\ ^fr y ^Ktr-yv, 7«yy>ff£f 

^uifo^^vfiSW**/^- (MB) &T-*> 
Kft&ftt'lcJ;^ MA/^f^c^yp ^«i:MBH 



ft 6 V a y ? ffioWffiltfr 3 0/7 0 -4 0/6 0 <7;«i 
[0 0 2 5 ] -/ D y * #fi£mi*il t A t M U «7)# 

- 2 - t'^/ut" y 2 -r * >; /ur * k- 2 - / f- 

;\s?as<yx;\,'fryf&-T9 "Ja^h y 'Uft ^&>& y 
[ 0 026] fefct -f ^>f53W4«t9:«:«A»Jffi/jr 
-./p-y^m (AO) t, Y^^eWtt-fflffi^Sftv^ 
p-y^® (B) HW^^3;f!)7-r', AOi 
BW(*fi9Jt/ji*3 0/7 0-4 0/6 OOMmcfo& UO) 

?rffli \ yp^3^Dv«WA() 

ISFB©: Srf*75^ 6, z^Alf* ^ 5 r t ^ 0 :w| 

(CA^-C^-Swi J: , ^y (^fL^y- (zTL?-i,y- 

^fuy) i> yyp ^^=i7Ky-v— , ^y 
«t 5 ft h y -/p y ^ p y ^-35«war**j5 u 

[0 0 2 7] CCT\ 0f|^(^y (^-^U>- (xfi/ 
y-7"ntVy) ) ^Dy^a*!)-?- tf<J {:a=T 

\yy~-/ 9 'J'-^y) ^/oy^^ij-^^ >>y 

[0 0 2 8] Jlfd^:/ P s/ ^ =3 y -Y—tfflfeW? a y 

?m (ao) jc^-^i/e«tt(flr3i«wA$n«*ix5 u 

X.{i\ ;£ifiJi Carretta.N. ; e t a 1 . ; 
J.Mem. Sci. 2 0 0 0, 1 6 6, 1 8 9 CO 2/ 

S«:«Ai-6wi:i«-e*5 D 
[0 0 2 9] >%^ft>Jj5t- LT X l> y y p y ^ p * D 

fraao+articjior, xyu^v«is*?ffliRi»»c*y 

xfuy/n y ^85lc3SASn^u ^w*i£S:ffli^Ti» 
AZtittx y m&<r>* * \s -y He *hT >:> it 

t S^rt^35«, *«WA?>^*«liej:ixtfi6Jin-r5r 

■fe^-/U-^/U7x— |>(7)X^U>^L^y MCx't-f^^e/Ht 
[0 0 3 0] "Jtl Btta«1*«¥ 1 0-5 0 3 7 8 8 

[0 0 3 1 ] z.to£vlcLX % -f*>eWttricJ>Sr*r-*- 

a^y-v— (a) -Y^vesnfiac^frffsftt^y 

-v- (B) H«yn^3^U-v- (C) tf^U'L 

6o ::t-, /p^a^'jv- (o '^Atmc*; 



- (a* ) frasaoi-a^t^-csa. w^i^t^ji^r 

-«f>jii*JrtaA.i:BW(*a!itli, iEwa 0/7 0-4 
E^Vy-*— (a* ) 

a # y t a ' jfis-e * d icfB#flt LU < ft "J . ffiAi L 

ioo33] mmi-ztfi)'*- (a 1 ) <o»ia/j:tt«-ffi 

i / 2 ssTiMtt^njWTwffii^tt-rfo a., m l 
a' om%&mk<K~6t. a* *w*sisiw«ftti ut u 
i^an^fcafcao, a' wai^ifft urii, A-yp-y 

* <nS.&&<n l / 2 *Wi6fi-?:W-ifi»3&sSI* Lt \, z c 
T'C<!: LtBiMCA^P «y^W«ABAlcO h y :/ 

ttffifflWT'P 3/ * ^Si^S^fnTiift < , g-ypj/^ 

[0 0 3 4] c w -CM*Sixfc-f *yeWttrt»«r* L 

(A* ) SrjR»Pl-a*«fett, ttWCffili^yD-y 

- (A' ) oimWitLXtt, XV -Al-uyxsuxy 

[0 0 3 5] fif&r/n : y *VffiW8Wttifc#1- 
(c) ?;Ili*/D^^^^'yv- 

(c) t**tfy^- (a 1 ) w^t^>Ktt. 

[00 3 6] MIRlCffll ^SS^tt, * ^^fiSfttSWfir 

tfftsyoy^* (A) taHRW&RffiSr^ri-aWE 
[0 0 3 7] ::r/D7^a (a) i^aiRtt/jrRaB* 
lt«ttfc#Sto^B^« (B) fciB»£*>JHEB*i 
*vfkLfc#y (^i^- (ifuy-'/nt>y) 

^ci^/n^i (B) lcSKM4:iKS<rffli^«^. 

asas t * l r t *«wnmsi5^ u rtc^td «t o r R^n a 

[o 0 3 8] ±G»SHKlcffl^5«W»tt^3KaSC 



(S) iftffl 2 0 0 3- 1 4 2 1 2 5 

v-tfhvt Kd7?> (THF) Sf?RA^^<— a — 

fc % THF wj: pte»)^«M^j«KSrffl^5»*lc 
[ o o 3 9 ] * "j RttwjKKffiSwJfliffltt, Mx. 

[ o o 4 o ] itiiTH f<b J: -) /j:B[W36tt^}Saw^ 

jfo'JK, N, N-^>-fvl/;JwUAT * K (DM F ) DEW 

EflWSttWffit T H f ft irw»«ttwS5i 

[0 0 4 1] »(K^P J »llKLfc^Py^=i*y-v'"-W* 
iBlCfiiiSt^ Xitt Hasegawa, H. ; Ha s h 
i rn o t o , T. ; Po 1 yme r 19 9 2, 3 3, 

4 7 5 icffl^Ztix^^l-jlc^ SiEffi*<o/hS^:/ 
ts fti ^sflHctt Lr*ifti3B*?J>** i ^fc*. ±.E^»n 

(A) {ciiWjft^: (si) tHWtLt^ 
[0042] ^ ^ >^fB3W*«Wft ^i - 6-/07 

(a) uaKft^stt (so tix j*y&m 

ffifctJ<Cl^o^« (U) tHl'<r, S1«*)A 
[0043] jSMts 1 ^A»*iciHfufl«)4:tt, Sl/j^ 

t . A^^ofta ^ ^ p >r y^ftttib s 1 wssr 

Jt*$ Lfc t * , »#*«m#«CJt'<# < ft 5 C t ^rg^-t 
6 U i-ftfatj, ^«ES l(j:5fcfBfl);^p hV^r>W» 
■ ^^^k ft&UA^ ^ ^ p K> ^ y^/^^^^Lfj, 
[0044] ttfbtto&Stt* y 

Brandrup, J . ; I rnme r g u t., E . 
H . ; G r 11 1 k e , E . A. ; Pn 1 yme r Ha 



(6) 



Wffl 2 003-14^n5 



rid book, 4 I h e (J. , J o h n Wiley 
& S o n s , N e w Y o rk, 1 9 9 9 U 5 

[0 0 4 5] ~coj; jtis 1 t tr, M;llf*, > * y 
_,u v -t^y— ^ i->r^y— /u, i-:/p/nV— /U 
<£fWT/u=i— /US, DMF, N. N - ^> -7vUT -lr h 
T ^ K (DMA c ) , N-yf^-2-fo!J K>- (N 
MP) fe^^lf bfrZu S 1 t LTKff«tt»j6Ut* 

ffl^at, **>g*tt«tt (a) ciWiM^ffl 
^fc«fc**««/j:toti, *as^ife#ttis» (b) 

» M^D-y^ii y -v— ictH" U u 

DM F £ T/ua -/USwjR^jeflE/j: t7j^"fig(Cfflt > b^L 

A*5fcfciB'<fc 8 0t:a±»»jS«:#+5i»Wi/j:< , ft 
{ifiW?6ttw/S» (S 1 V) lco^T*<o»j&#8 or 

tt, SK^wsKy -v-{cWi"5®fiwJt^ 1/9 9JEU: 

[0 0 4 7] -f^eWtt«BffiS:*-r5^py^« 
(A) lcSRftfc8iI (Si) w*S:JS«Bcfflt*fc« 
£\ '/Dy^^y-/- (c) Sr*&-lc»«£3-fr5C4 
*<&-f l tSft-cttii v f:r- s i x v jwsttwSiir > 

SSSETfc o T C «rB«-f6»tiE S 2 SrfM^ Ltffli^: 
fctf-0£6u S2t LT, W*.tf^/u^>fkjR!/ (*^ 

U>- (:cf-U>-7nt"uy) -X^U>) h 'J yp 

[0 0 4 8] ^J: olcLT, KJEiC^tflHKWttfrS* 
0%W»HftT«5tb"C, 1 0-4-1 0-1 S/crn 

T9HSU «*Ht»«aB*ii€fwi:*«rt5. 

[00 4 9] 



"/py^/fy-v-iLT, #y (-ti^U 

~C\ ^fur/n^ (AO) t (xfuy-"/ph^ 
V) '/Py* (B) <B*fflJt>&«2 6/7 4Wfc» (C 

o) srffl^^ '/Dy^a*«j7-cii:*j^t, mmi 
Sfcc i Hsawrf &fctf>, 1 sw*Mfuy 

(AO' ) £ffltvfc u S**»*14. 9mltS« 

5. 6mi Srot:-c«*«H!L, r±^-^y^y v 
mm (AS) £<«Lfc 0 
[ 0 0 5 0 ] Fr/P'/^^ 'J "V — C 0 I CO 1 0 g £ 
1, 2-/^PPX^y (DCE) 1 OOmllCfed? 
U 5 0t;i£«»Lfc M w«*Me (SCO) *y-v 
- C f>0) * ^ U- y hWtLT Ti? 3vU-0vU "7 x - 

x- I* j£«A S fcjjp*., 5 uX.\c\m Lfc* 

[0 0 5 1] jftiRS C 0 ti-f V/D tryuryua— /U 1 0 
m 1 4*ft.A L , K/SSrflPJt mm S C 0 $r 5 0 °C 

-^uT-*»Lfc&tt»^-tl:, x/u^>fth 'J'/d 

a m 1 l^fgft? L % 5 0 ti:«R» L /l. 1 w jsStt ( S A 
0' ) Wl/^-AO' ^fi/>aiyH;JtLtr 
tf/ut^7i- ha)-t/uit^ l/l lc<c5 J: 

otl«lf:^, 3«NHHW*«rfrofc. 
[0 0 5 2] giSAO' (CYy/o^T/^-^ 

c i "tWTtf y ^fu77'p ^ai &LK^^^y-7- 

A' t7^^^^W^^^'P h^NMRlcraHSLfciC 
^n-t^U^^U-^^y M^LT2 8mo 1%, 

5 5mo i %w^u^>HJ|;^«Aa?ix-cv^srt^ 
adf y -v— c^ic^Jrt-a^/u^Mk^y xtuyy 

P^A^I^tt*^ 5EM#y-v— A 1 W 
ffi^gid;. A«l^Wl/2* (li) IcifiiMtt/jc 

[0 0 5 3] THF(t> ^/-/ufettfltta/l /^<3 

-Cttfy-v-A' fr % ypy^Ai*!)^-A' 

*r y -7 - + -c is tf) ^ > a o % t z> x v i w , mnzm 
K s L?t u T'^ y -e-aiai* 5 ffifi% 1 4 s 

[0 0 5 4] ±JEWJS«S:^9^3K«±lc/<-a-^- 



yuAWIB6Jf.fi 1 6 0 /j mtfcot 7 ^ /^«rt«SB6 
x * jUT-^fe LfcflL 0 SRflsBrRH F — 1 0 0 FA 
[0 0 5 5] T EMT'(;t, <f ^^eWttfflJffi*-***^ * 

Bid* h it a K > >f v £ -Y * v <5*tt«ffl: Mt^AX 

frU ^W r K'AXIlA' /j^y^jK^Xtt-yF 1 ; 
- * ttlciift L, KSrtt I ^Tii^ Lfc K / -f > <tBf& L 
Tt*&::,h/j^SSS*i/fc.. 

[0 0 5 6] 7-</^«/hftX*»a.^^^ h/u 

Sr. y a*[ac*ji«*a!xiftia»f3S«R i n t 2 5 

(;t3 1 nmt*ofc M RXBBSrx v^M" >^ s y/^/ > 

y\mm^m-rmmm (wtafm) -rasufc. af 

fcofc. A FMf yyfc*«jSififS^^**W*OBI 
WjlBtfiffttS-frSi:, »Zhong, Q. ; Inn 
i s , D . ; K j o 1 1 e r, K. ; E 1 i ng s, 
V. B. ;Surf. Sci, Lett. 1 9 9 3, 2 
9 0, L 6 8 8 ■dSJUSixri^J: W3(f7 

[0 0 5 7] fftSttlCioPTffitB35«/hS^filc» (A) f<l 

J; o T £rt e>ixTi ^ & B5flttt£l*a5B|w 4 7 %lc&A,T 

T ftttnSGft & 91 £1" 5 5 > tf - y V x jfe & ffl ^ T *J 
WWA^jW-IFLT**^ aiSliSO'C-etTofc,, 

O'-S/cm, 3. 5 x 1 cr'S/c rn, 3. IX 
1 0"*S/cm"Cfc-yfc o 
[0 0 5 8] HJfeflS] 2 

®8 0%W»H*T-C2iBIBB»««S:fT-yfc ( , 
/UA&FA 1 ti-5 u 
[0 0 5 9] 7>f^FAl WSJ^JWSrflJ^-*- 6 t2fi 

0) |*j SMftifi £ T E M vm^-r & k. B'A*tjfaZ) 
*&*Xt> % A XI* A' V/<0\**v h r 7~^ 



(7) flfSfl 2 0 0 3 - 1 4 2 1 

tt<0flW WW* LTi *fc 0 oUX^fc® 

K&w»sa 4 o %, a o %, 9 o %w*»iaa-caij36 

9 X 1 0** J S/cm, 3. 1 X 1 0" 2 S/cm-Cfc 

s tix i > a d £ <* nfc, 

[0 0 6 0] ^ffiPJ 3 

*-V* hSfttS t LTTH Ft/^y-^&OTMFt: 
fifttt9 0/1 0/0. 1 tftictOlCS^Lfcti^ft 

ifr«WI'7 ^ /UA F 2 S:»fc u 7^ui>F2 flORfftt 
1 6 0 /j m"Cfcofc„ 

[ n 0 6 1] I w '7 ^ /ua wrtflSSJifiSraiS Lfc t - 
MRffi 2 5 nrnaST^ftLfcAXttA' d^ftS K 
h!7-^^^^ifMLTU^ AFM 
T'ffll] a£* Lt:^7-f /U A W«jjf W**iKa S 14 1 . 7 n 

mSlffi k fiffi^ffli*. £ fc A F Mjifflfaic^j 
V*Tfitft^/hSt^» (A) ^^oTA'^^nn^il 
Wll^RBiSlwe 7%ai£{CitL, DMF^jP^^ 

>eaMESr«*Hafle4o%, ho%, 9o%w#m 

rn, 7. 8 X I 0~\S/e rn, 7. 1X10'*S/ 

y^^^>|cB«fl«)<c«jklC (DMF) trWSPi-Swtlc 

[ 0 0 6 2] 1k»J4 

u» :/D.y*B<0f4^wJtri*3 5/6 SIvi^^J:-) 

iiS'W7 -f ;UA F 3 ^f#/c. w 0X7 j /u^WrtftJWiS-Sr 
aSiT ^ i , 5j- >g3SttlfCfi2: & # S *c i * B a » £> <c 5 

hy ytxtyv* jx^fcm&m&z&^&AXttA^ 
-h ^ b ft <^ k > -< > ^ ^ d fi k ± i: r i > h m-im 

*fefcB9EW* y h 7-^ttW«Jt«ft»«ltt 3 3 n rn 
-Cfcofc. 
[0 0 6 3] lt«W 1 

M-/n •y^^TKy^-ClC^y-v-A' ^^JjUL^C/^ 

ofcK*HilSS6Wi ^iClt, iS—4:aW7-<yuA 
F4$rSt ;©7-f/uA«i*|(B«ifiSrTEMTa«-r 
5i, ^^>e*tt*^Sr*S<c^B*»? J <c5-v' b»'y 

-f3r^e»ttfflffi«r*i-sA^t>/j:5 k>-t 

W;^ ^ pfti)««:dfei:Tt^«T-*»a«^ixfco Sfc 
AFMffi«*Uiba*rffiffl*S'J^St*J«» (A) Cctot 

iS*f J *Lrt*sffi«itt^f6aff«i«4 a' ^ 

r^llLfc«^ (^»Jl) IdJt^TlSTLfco 7y^ 



f 4 <7M xs&nnstimmig. 4 0 %> 6 0 %, 9 0 % 

w##Hfl[T*»Jje Lfei;^ itiUti 1 . 7x10 

■ s S/crn, 2. 2XlO"'S/cm, 2. 6X1 

[0064] Jtlftffl 2 
*Ky-r— A' tit, $Li£&3 8 0W^7^Vft*fy^ 
fuy (A 1 ' ) ■fcfflt^fcJtt^KlfiWJl £fnlf$(CLT 
i*S«f-St7 ^ /U-fc F 5 S:Sfc u 7 F 5 flOrtBB* 

1 1 mmemmimmztit^ ? * *± f 4 <?m >^ 

/Kii-V-T', ^fUy/D^ (AO) <h (:c-^U->- 
/otW) -fay 9 (B) WffcffiJt^ 2 6/ 7 4 W t 

w (co) feffl^t^isgjisfHi tmajcLT, 

/v3K*y h!7-^ttW«ifiSrLTi^fc u ifcAFMfift 

«Mc#j^rtfl:ffi^/J^v^riE» (a) f^ori^e^i/t 
w l -cage 8 o t: N 8 o VoommuTv 2 mm 

[0 0 6 5] 



(8) 2 0 0 3- 1 4 2 1 

mi ] fSLLtt*'&w<D&mm i *m xymmmorv e 

Mt^fe ( 3 0 0 n rn X :j 0 0 n in) ^7Y<"K 4 X^fc 

[112. ] J2L2 tt#«Ww3Ett0J I *H ^>e*K*BBw 
A FMftgtfft (ffiffift. 2 0 0 0 n rn X 2 0 0 0 am) 

Mfliigflfc ( 3 0 0 m rn X 3 0 0 n tn) &>7<1\ t 

i m± ] a±f4*»wwac««i 3 ^ ^>e«Bs^T e 

Mffi^f* ( 3 0 0 n rn X 3 0 0 n m) Sr^f „ 

A FMffliS ({ftffifft, 2 0 0 0 n rn X 2 0 0 0 n in) 

s^-n ^^^e^ii^{ir^ ; frr^AX(j:A > a^/,c5 
m 6 ] a&tt*«w^ w ^^>^*^TEMta»» 

( 1 5 0 0 n m X 1 5 0 0 ii rn) 0 A ' 6 

[ 1 7 ] §T7 ttJt«f« 3 rojRteSifflfcfctt 5 * 

BIWT EMtSSft ( 3 0 0 n rn X 3 0 0 n rn) Sr^"t fJ 

^>^>e*^4a5^*^r^■■r^AXl4A , ^tia hv-r > 

Jg^TEMlHfSft (3 0 0 nrnX 3 0 0 rim) ^r^i*. 
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